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Supplementary Figure 1: Clinical and virologic evidence of CD6 efficacy in prophylactic 

and therapeutic studies. (a) Weight loss of mice (n=10) in prophylactic studies. Female DBA/2 

mice were injected i.p. with mAb CD6 12 h before challenge with 10 LD50 of CA/09-X179A. 

The survival curves are shown in Figure 2a of the main text. (b) Lung virus titers of mice (n=5) 

in prophylactic studies. Mice were treated with CD6 and infected as described in (a) and then 

euthanized on day 3 p.c. The lungs were collected and homogenized for virus titration in MDCK 

cells. The dotted line denotes the detection limit (2.2 Log10TCID50 ml-1). A titer of 1.7 

Log10TCID50 ml-1 was arbitrarily set to represent titers below the detection limit. (c) Weight loss 

of mice (n=10) in single dose therapeutic studies. Female DBA/2 mice were infected intranasally 

with 10 LD50 of CA/09-X179A and 5 mg kg–1 of mAb CD6 was administered i.p. 1, 2, 3 or 4 

days later. (d) Weight loss of mice (n=10) treated therapeutically with single or multiple doses of 

CD6. As described for (c), DBA/2 mice were infected with CA/09-X179A and treated with 

either 2.5 or 1 mg kg–1  CD6 24 h later (d1) only or once daily (24 h intervals) for 4 days (d1-4). 

The survival curves for these experiments are shown in Figures 2b and 2c of the main text. 
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Supplementary Figure 2: Detailed analysis of the CD6 antibody interface with the NA.  (a) 

The interface of H chain and CA/09 NA dimer. Waters that mediate interactions at the interface 

are highlighted as red crosses. (b) The interface of LCDR2 and the CA/09 NA monomer. 

Residues key to the antibody association are highlighted in sticks and hydrogen bonds are shown 

as dashed lines. Interactions were analyzed using MONSTER1, PISA2 and HBPLUS3. 
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Supplementary Figure 3:  The NAs of escape mutants selected by mAb CD6 are less 

efficient than wt CA/09 NA.  Enzyme activity was measured with fetuin (MW: 49 kD) as 

substrate in ELLA, as described in Methods. Briefly, two representative escape mutants (mutants 

A and B, see the legend to Figure 5) and virus containing wt CA/09 NA, were normalized by 

hemagglutination assay to have the same titer (1024), then serially diluted and added to 96-well 

plates coated with fetuin, followed by incubation overnight at 37 °C; the plates were washed and 

then incubated with peanut agglutinin conjugated to horse radish peroxidase to detect the 

exposed galactose due to the removal of sialic acid from fetuin by NA; the signal was developed 

using o-phenylenediamine dihydrochloride (OPD) as substrate. The OD values generated with 

mutants were expressed relative to those obtained at the same dilution as wt CA/09 NA. Data are 

shown as mean ± s.d. of three independent experiments.   
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Supplementary Figure 4: Stereo view of the CD6 antibody interface (pink) with Asp451 of 

the CA/09 NA dimer (cyan and green). The 2Fo−Fc electron density map contoured at 1.0 σ is 

shown in blue. 
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Supplementary Figure 5: CD6 Fab and Fab2 retain ability to bind NA.  (a) SDS-PAGE of 

CD6 Fab (lane 2), Fab2 (lane 3) and whole IgG (lane 4). Lane 1: Novex sharp pre-stained protein 

standard (Invitrogen, Carlsbad, CA, USA; catalog number: LC5800). Lanes 2-4: CD6 Fab, CD6 

Fab2 and whole IgG. (b) Binding of CD6 Fab, Fab2 and the whole IgG to CA/09 NA measured 

in ELISA. HRP conjugated goat-anti-mouse IgG (Fab specific) (Sigma-Aldrich, St. Louis, MO, 

USA; catalog number: A2304) was used to detect the bound antibody. Each bar represents mean 

+ s.d. of two independent assays performed in duplicate.   
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 A/South Auckland/5/2012
 A/Yokohama/154/2012

 A/Hong Kong/6610/2012
 A/Song Khla/416/2012

 A/Singapore/12/2012
 A/Malaysia/783/2012

 A/Hong Kong/7568/2012
 A/Hawaii/47/2012

 A/Saipan/6194/2012
 A/Shimane/8/2013

 A/Japan/1419/2013
 A/Niigata/1704/2012

 A/Stockholm/44/2012
 A/Mie/2/2013

 A/Nagano-C/3/2013
 A/Vietnam/56/2011

 A/Taiwan/3697/2011
 A/Taiwan/842/2010

 A/Kobe/435/2010
 A/Brunei/16/2011

 A/Guangdong/049/2011
 A/Hong Kong/3971/2011

 A/Jilin-Chuanying/Swl1186/2011
 A/Vladivistok/7/2010

 A/Slovakia/150/2011
 A/Victoria/502/2011

 A/Miyazaki/53/2011
 A/Deajeon/2780/2010

 A/Ukraine/130/2011
 A/California/24/2011

 A/Shiga/43/2011
 A/Iceland/3/2011
 A/Nebraska/06/2011

 A/Delaware/08/2011
 A/Archangelsk/Crie-Pe/2011

 A/Latvia/2-30051/2011
 A/Pavia/44/2011

 A/Milan/229/2011
 A/Milan/94/2011

 A/Hiroshima-C/2/2011
 A/Taiwan/1010/2011

 A/Gyeongnam/3110/2010
 A/Shizuoka/37/2011

 A/Kanagawa/90/2010
 A/Hawaii/01/2011

 A/Oita/77/2011
 A/Hiroshima/45/2011
 A/Oita/72/2011
 A/Latvia/3-40477/2011

 A/Ukraine/102/2011
 A/Luhansk/5192/2011

 A/Joshkar-Ola/Crie-Blp/2011
 A/Hangzhou/B19/2011
 A/Taiwan/4611/2011

 A/Baden-Wurttemberg/14/2010
 A/Nagano/2219/2010
 A/Thailand/594/2010

 A/Hunan-Furong/Swl410/2011
 A/Novosibirsk/Ksh/2011
 A/Hangzhou/B24/2011

 A/Kanagawa/74/2010
 A/Yamagata/206/2011

 A/Laos/71/2010
 A/Brisbane/3/2012

 A/Toyama/55/2011
 A/Cambodia/29/2011

 A/Cambodia/69/2011
 A/Cambodia/15/2011

 A/Cambodia/11/2011
 A/Cambodia/V0902314/2011

 A/Cambodia/V1005346/2011
 A/Cambodia/V0601312/2011

 A/Cambodia/V1019320/2011
 A/Cambodia/53/2011

 A/South Auckland/4/2011
 A/Cambodia/311/2011

 A/Stockholm/27/2011
 A/Hiroshima/17/2012

 A/Laos/I991/2011
 A/Stockholm/30/2011

 A/American Samoa/4520/2011
 A/Cambodia/59/2011

 A/Vietnam/108/2011
 A/Aichi/143/2010

 A/Shiga/30/2011
 A/Toyama/22/2011

 A/Tottori/8/2011
 A/Ishikawa/22183/2011

 A/Chiba/38/2010
 A/Akita/1/2011
 A/Aichi/61/2011

 A/Aichi/180/2011
 A/Toyama/13/2011

 A/Yamaguchi/34/2010
 A/Shiga/34/2011

 A/Yamanashi/222/2011
 A/Kitakyusyu/3/2011

 A/Yokohama/140/2011
 A/Niigata/61/2011

 A/Fukuoka/35/2011
 A/Fukuoka/40/2011

 A/Oita/68/2010
 A/Miyazaki/40/2011

 A/Kitakyusyu/9/2010
 A/Hiroshima/24/2011

 A/Chiba-C/16/2011
 A/Kobe/463/2011

 A/Aichi/78/2011
 A/Kagawa/2/2011

 A/Hiroshima/49/2011
 A/Yokohama/29/2011

 A/Yamaguchi/35/2010
 A/Hiroshima/55/2011

 A/Osaka/83/2011
 A/Akita/5/2011
 A/Shimane/164/2011

 A/Hokkaido/12/2011
 A/Chiba/1027/2011
 A/Tokyo/11203/2011
 A/Saitama/88/2011

 A/Wakayama/23/2011
 A/Latvia/1-138/2011

 A/Aomori/39/2011
 A/Aichi/209/2011
 A/Sapporo/163/2011

 A/Aichi/70/2011
 A/Japan/8153/2011

 A/Toyama/110/2011
 A/Gifu/21/2011

 A/Kanagawa/75/2011
 A/Okayama/12/2011

 A/Yokohama/31/2011
 A/Toyama/26/2011

 A/Toyama/86/2011
 A/Tochigi/34/2011

 A/Yokohama/84/2011
 A/Osaka/71/2010

 A/Ibaraki/104/2011
 A/Iwate/1008/2011

 A/Kagawa/1/2011
 A/Kawasaki/122/2011

 A/Aichi/20/2011
 A/Ishikawa/58/2011

 A/Aichi/75/2011
 A/Yokohama/97/2011

 A/Tehran/5675/2010
 A/North Carolina/06/2011

 A/Pavia/78/2011
 A/Karaj/6072/2010

 A/North Carolina/09/2011
 A/Ghom/215/2010

 A/Karaj/5607/2010
 A/Texas/08/2011

 A/Wisconsin/16/2011
 A/Connecticut/04/2011
 A/Missouri/03/2010

 A/Gifu-C/31/2011
 A/Japan/8736/2011

 A/Guangdong/004/2011
 A/Taiwan/1150/2011

 A/Kochi/40/2011
 A/Washington/02/2011
 A/Miyagi/32/2011

 A/Aichi/181/2011
 A/Korea/664/2010

 A/Taiwan/2883/2011
 A/Neuquen/1182332/2012

 A/Neuquen/1182359/2012
 A/Wyoming/23/2012

 A/Wyoming/31/2012
 A/Grenoble/1772/2011

 A/Montana/09/2012
 A/Panama/310630/2012

 A/New Mexico/14/2012
 A/Texas/18/2012

 A/Mexico/3723/2011
 A/Kansas/07/2012

 A/Iowa/12/2012
 A/California/19/2012
 A/Wisconsin/14/2012

 A/Oregon/06/2012
 A/New York/03/2012

 A/Idaho/15/2012
 A/Nevada/06/2012

 A/Wisconsin/11/2012
 A/Oregon/08/2012
 A/Texas/27/2012

 A/Idaho/16/2012
 A/Norway/421/2012

 A/Norway/771/2012
 A/Norway/1041/2012
 A/Norway/446/2012

 A/Norway/418/2012
 A/California/25/2012

 A/Maine/03/2012
 A/New York/34/2012

 A/North Carolina/06/2012
 A/North Carolina/18/2012
 A/North Carolina/16/2012
 A/South Carolina/10/2012

 A/California/21/2012
 A/Ireland/12M17525/2012

 A/Mexico/254/2012
 A/New York/11/2012
 A/Ontario/0188466/2012

 A/Washington/24/2012
 A/Honduras/9720/2012

 A/Texas/30/2012
 A/Oklahoma/03/2012

 A/Texas/48/2012
 A/Texas/49/2012

 A/Texas/33/2012
 A/Mexico/1474/2012

 A/Texas/26/2012
 A/Illinois/01/2012

 A/Costa Rica/6288/2012
 A/Mexico/689/2012

 A/Texas/35/2012
 A/Texas/02/2012

 A/Peru/380/2012
 A/Pays De Loire/1224/2012

 A/Illinois/04/2012
 A/Tennessee/05/2012

 A/Tennessee/02/2012
 A/Wisconsin/06/2012

 A/Virginia/11/2012
 A/Idaho/14/2012

 A/Alaska/01/2012
 A/Florida/13/2012

 A/New Mexico/08/2012
 A/Arizona/08/2012
 A/Washington/22/2012
 A/Mexico/239/2011
 A/California/33/2012
 A/Peru/0505/2012

 A/Puerto Rico/39/2012
 A/Alabama/06/2012
 A/Texas/22/2012
 A/California/52/2011

 A/Guatemala/18/2012
 A/Honduras/9746/2012
 A/Mexico/210/2012
 A/Virginia/07/2012

 A/New Mexico/12/2012
 A/Nevada/11/2012

 A/Oklahoma/01/2012
 A/Texas/47/2012

 A/New Jersey/03/2012
 A/Georgia/06/2012
 A/Georgia/03/2012
 A/Missouri/04/2012
 A/Louisiana/01/2012

 A/Wyoming/06/2012
 A/Texas/07/2012

 A/Dominican Republic/6493/2012
 A/Dominican Republic/6551/2012

 A/Puerto Rico/05/2012
 A/Kentucky/03/2012

 A/Kentucky/07/2012
 A/Paris/1119/2012
 A/Texas/04/2012

 A/Paris/1054/2012
 A/Peru/0429/2012

 A/South Carolina/13/2012
 A/New York/12/2012

 A/New York/13/2012
 A/North Dakota/01/2012
 A/Ohio/04/2012
 A/North Dakota/02/2012

 A/New Hampshire/09/2012
 A/Wyoming/09/2012
 A/Pennsylvania/08/2012

 A/Idaho/05/2012
 A/Maine/06/2012

 A/Mexico/56/2011
 A/Christchurch/3/2012

 A/Peru/2023/2012
 A/Venezuela/620/2012

 A/Brisbane/57/2012
 A/Catalonia/Nsvh206354/2013

 A/Panama/310657/2012
 A/Georgia/07/2012

 A/Natal/117057/2012
 A/Ankara/Tr-40/2011

 A/Paris/108/2012
 A/Trinidad/1648/2011
 A/Hong Kong/3962/2011

 A/Valparaiso/11240/2011
 A/Estonia/54375/2011

 A/Tokat/Tr-26/2011
 A/Haute Normandie/774/2011

 A/Brazil/8201/2011
 A/Mexico/3752/2011

 A/Dominican Republic/6188/2012
 A/New Jersey/02/2012

 A/New York/21/2011
 A/Dominican Republic/5542/2011

 A/New York/07/2011
 A/Latvia/12-43582/2010

 A/Geneva/4195415/2010
 A/Wisconsin/15/2011

 A/Palencia/4/2011
 A/Archangelsk/Crie-Spa/2011

 A/Astrakhan/1/2011
 A/Kansas/06/2011
 A/Tula/Crie-Gsyu/2011
 A/Linkoping/2/2011
 A/Stockholm/15/2010

 A/Venezuela/2011/2011
 A/Serbia/14/2011

 A/Lisbon/Su111/2011
 A/Larissagr/190/2011

 A/Pavia/152/2011
 A/Milan/64/2011
 A/Pavia/06/2011

 A/Qatar/2311003930/2011
 A/Ghom/169/2010

 A/Laos/O072/2010
 A/Kenya/7495/2011

 A/Linkoping/5/2011
 A/South Carolina/07/2011

 A/Florida/01/2012
 A/Ontario/0125950/2012

 A/Illinois/03/2012
 A/Ontario/1060303/2011

 A/Georgia/427/2012
 A/Ontario/0025427/2012

 A/Ontario/1089836/2011
 A/Suriname/265/2012

 A/Stockholm/18/2012
 A/Fukushima/17/2011

 A/Samsun/Tr-39/2011
 A/Nordrhein-Westfalen/11/2010
 A/Iraq/15-Ika/2011
 A/Guangdong/427/2010
 A/India/8910/2010

 A/Ukraine/182/2011
 A/Athens/230/2011

 A/Brisbane/151/2011
 A/Brisbane/373/2011

 A/Christchurch/105/2011
 A/Fiji/2/2012

 A/Brisbane/211/2011
 A/Brisbane/360/2011
 A/Townsville/124/2011

 A/Victoria/809/2011
 A/Townsville/110/2011
 A/Newcastle/163/2011
 A/Victoria/821/2011

 A/Brisbane/341/2011
 A/Brisbane/346/2011
 A/Townsville/102/2011

 A/South Australia/68/2011
 A/Townsville/112/2011

 A/Townsville/104/2011
 A/Victoria/356/2011

 A/Brisbane/345/2011
 A/South Australia/196/2011

 A/New Caledonia/11/2011
 A/Saitama/301/2011

 A/Fiji/4/2012
 A/Wisconsin/26/2011

 A/Townsville/95/2011
 A/Brisbane/76/2011

 A/Townsville/78/2011
 A/Macau/200808/2011
 A/Brisbane/122/2011
 A/Darwin/82/2011
 A/Tasmania/21/2011

 A/Philippines/498/2011
 A/Brisbane/141/2011

 A/Townsville/24/2011
 A/Brisbane/139/2011

 A/Brisbane/67/2011
 A/Victoria/518/2011

 A/Goroka/4/2011
 A/Goroka/16/2011

 A/Goroka/6/2011
 A/Guangdong/015/2011

 A/Singapore/9/2011
 A/Townsville/72/2010

 A/Song Khla/34/2011
 A/Victoria/504/2011

 A/Brisbane/18/2011
 A/Singapore/7/2011

 A/Sydney/217/2010
 A/Victoria/512/2011

 A/Cambodia/72/2010
 A/Brunei/15/2011

 A/Brisbane/229/2011
 A/Brisbane/347/2011
 A/Brisbane/500/2011

 A/Newcastle/1/2011
 A/Christchurch/18/2011

 A/Victoria/1002/2011
 A/Brisbane/190/2011

 A/Townsville/47/2011
 A/Brisbane/142/2011

 A/Brisbane/152/2011
 A/Tasmania/16/2011

 A/Tasmania/14/2011
 A/Tasmania/6/2011

 A/Newcastle/25/2011
 A/Brisbane/121/2011
 A/Brisbane/127/2011

 A/Brisbane/70/2011
 A/South Australia/4/2011

 A/Brisbane/156/2011
 A/Brisbane/158/2011

 A/Singapore/591/2010
 A/Brisbane/69/2010

 A/Philippines/477/2011
 A/Darwin/52/2011

 A/Philippines/2469/2011
 A/Christchurch/10/2011

 A/Egypt/96/2010
 A/Sydney/220/2010
 A/Victoria/1026/2010

 A/Victoria/670/2010
 A/Sydney/31/2010

 A/Wellington/1/2011
 A/Brisbane/154/2011

 A/Sydney/12/2011
 A/Brisbane/176/2011

 A/Brisbane/186/2011
 A/Perth/198/2010

 A/Perth/382/2010
 A/Brisbane/69/2011

 A/Perth/39/2011
 A/Darwin/103/2011

 A/Newcastle/204/2011
 A/Newcastle/14/2011

 A/Canberra/10/2011
 A/Newcastle/58/2011

 A/Oklahoma/01/2010
 A/Perth/219/2010

 A/New Caledonia/6/2011
 A/Ukraine/3/2011

 A/Latvia/1-136/2011
 A/Palencia/37/2011

 A/Niigata/1563/2010
 A/Niigata/1581/2010
 A/Valladolid/53/2010
 A/Geneva/4194183/2011

 A/Argentina/07/2011
 A/Denmark/126/2010

 A/Palermo/05/2011
 A/North Carolina/14/2010

 A/Beijing/Hz06/2011
 A/Hangzhou/A10/2011

 A/Hunan/Swl Throat Swab9/2011
 A/Fujian-Xinluo/Swl1141/2011

 A/Brunei/1/2011
 A/Maine/04/2011

 A/Stockholm/13/2011
 A/Delaware/05/2010

 A/Iraq/17-Baf/2011
 A/Uganda/617/2011

 A/Milan/199/2011
 A/Milan/231/2011

 A/Milan/209/2011
 A/Pavia/100/2011

 A/Nordrhein-Westfalen/14/2010
 A/Estonia/53383/2011

 A/Moscow Oblast/Crie-Schng/2011
 A/Nizhnii Novgorod/Crie-Ava/2011

 A/Nizhnii Novgorod/Crie-Bou/2011
 A/Hiroshima/1/2011

 A/Tula/Crie-Sta/2011
 A/Nizhnii Novgorod/Crie-Kda/2011

 A/Nordrhein-Westfalen/12/2010
 A/Illinois/05/2011

 A/Maryland/05/2011
 A/Georgia/25/2010

 A/California/21/2011
 A/Massachusetts/04/2011

 A/Maryland/03/2011
 A/Kastamonu/Tr-45/2011

 A/Iowa/04/2011
 A/Puerto Rico/05/2011

 A/Slovenia/772/2011
 A/Ireland/12263/2011

 A/Madagascar/0149/2011
 A/Hong Kong/6931/2010

 A/Lisbon/Euroeva114/2011
 A/Taiwan/4501/2011

 A/Lisbon/Su259/2011
 A/Taiwan/67/2011

 A/Moscow/Iiv-83/2011
 A/Tula/Crie-Shei/2011

 A/North Carolina/02/2011
 A/North Carolina/07/2011

 A/Milan/163/2011
 A/Indiana/02/2011
 A/New Mexico/10/2011

 A/England/687/2010
 A/Minnesota/11/2011

 A/Stockholm/32/2012
 A/Strasbourg/1866/2012

 A/India/5416/2012
 A/Blida/103/2012

 A/India/447/2012
 A/Nonthaburi/74/2012

 A/India/1214/2012
 A/Washington/34/2012

 A/India/P132194/2013
 A/Austria/713625/2013

 A/Sweden/126/2013
 A/Sachsen/1/2013

 A/Thuringen/38/2012
 A/India/449/2012

 A/India/5756/2011
 A/India/P1114854/2011

 A/India/P121716/2012
 A/India/P121717/2012

 A/India/P121778/2012
 A/India/P121939/2012

 A/Georgia/51/2011
 A/Georgia/48/2011
 A/Michigan/02/2011

 A/Palermo/02/2011
 A/Suriname/77/2011

 A/England/375/2010
 A/Czech Republic/1/2011

 A/Stockholm/9/2011
 A/Kenya/1215/2011
 A/Ufa/Crie-Xfm/2011
 A/Kenya/4494/2011

 A/Kenya/2994/2011
 A/Kenya/1826/2010
 A/Kenya/1179/2011
 A/Kenya/2836/2010

 A/Ghana/Fs-11-391/2011
 A/Iasi/47707/2011

 A/Ukraine/60/2011
 A/Connecticut/08/2011
 A/Larissagr/332/2011

 A/Ioanninagr/6664/2011
 A/Trikala Gr/199/2011

 A/Linkoping/3/2011
 A/Latvia/1-42769P/2011
 A/Halmstad/1/2010
 A/Denmark/129/2010
 A/England/334/2010
 A/Denmark/118/2010
 A/Ukraine/168/2011
 A/England/127/2010

 A/Bangladesh/8324/2011
 A/Florida/03/2011

 A/Costa Rica/6796/2011
 A/Panama/309335/2011

 A/Florida/14/2010
 A/Florida/15/2010

 A/Kentucky/18/2010
 A/Delaware/08/2010
 A/Zaporizhzhya/5200/2011
 A/Denmark/137/2010
 A/Cayman Islands/284/2011

 A/Kenya/6758/2011
 A/Denmark/115/2010

 A/Iowa/18/2010
 A/Moscow Oblast/Crie-Hdv/2011

 A/Bangladesh/5513/2011
 A/Linkoping/4/2011

 A/England/151/2010
 A/Ontario/842001/2010

 A/Stockholm/10/2011
 A/Minsk/812/2011

 A/Suriname/82/2011
 A/India/5103/2010
 A/India/5107/2010

 A/Bangladesh/2110/2011
 A/Bangladesh/9751/2011

 A/New York/14/2010
 A/Denmark/130/2010

 A/Denmark/131/2010
 A/Nizhnii Novgorod/Crie-Ngv/2010

 A/Nizhnii Novgorod/Crie-Pav/2011
 A/Nizhnii Novgorod/Crie-Lav/2011

 A/Nizhnii Novgorod/Crie-Blm/2011
 A/Nizhnii Novgorod/Crie-Uba/2011

 A/Vladimir/Iiv-35/2011
 A/Tula/Crie-Kee/2011

 A/Chungbuk/2826/2010
 A/Gyeonggi/2623/2010

 A/Shizuoka/20/2011
 A/England/131/2011

 A/Estonia/53646/2011
 A/North Carolina/13/2011

 A/Slovenia/234/2011
 A/La Reunion/803/2010
 A/Madagascar/7473/2010

 A/Delaware/04/2011
 A/New Jersey/06/2011

 A/Lorraine/1176/2011
 A/St.Petersburg/Crie-Govm/2011

 A/Indiana/09/2010
 A/Oregon/04/2011
 A/England/672/2010

 A/Maine/03/2010
 A/Minnesota/03/2011
 A/Missouri/01/2011
 A/Tennessee/01/2011

 A/Missouri/03/2011
 A/Nebraska/10/2011
 A/Indiana/05/2011
 A/Colorado/04/2011

 A/Kentucky/10/2010
 A/Washington/07/2011
 A/Wyoming/06/2011

 A/Alberta/Rv1242/2011
 A/Indiana/04/2011

 A/Maryland/07/2011
 A/Maryland/08/2011

 A/Pennsylvania/14/2011
 A/Costa Rica/8107/2011

 A/Costa Rica/4023/2012
 A/Managua/748/2011

 A/Nebraska/04/2011
 A/Nebraska/07/2011

 A/India/4947/2011
 A/Caen/635/2012
 A/Sapporo/4/2012

 A/Indonesia/Nihrdi-Smg0841/2012
 A/Indonesia/Nihrdi-Tgr0538/2012

 A/Oman/1528/2011
 A/Oman/292/2012

 A/Phuket/294/2012
 A/Maryland/31/2012

 A/Alabama/02/2011
 A/Pavia/113/2011

 A/Pavia/50/2011
 A/Kansas/07/2011

 A/Pavia/22/2011
 A/Netherlands/139/2011

 A/Latvia/2-32584P/2011
 A/Latvia/1-45999P/2011

 A/Utah/02/2011
 A/Kenya/071/2010

 A/Kenya/073/2010
 A/Pavia/07/2011

 A/Estonia/55306/2011
 A/Nairobi/25/2010

 A/Denmark/120/2010
 A/Oregon/13/2011

 A/Centre/869/2011
 A/Dominican Republic/5145/2011

 A/Pavia/15/2011
 A/Stockholm/17/2010

 A/Milan/219/2011
 A/Catamarca/R4297/2012

 A/Santa Fe/915526/2012
 A/Santa Fe/1667/2012

 A/Brazil/3479/2012
 A/Brazil/7250/2012

 A/Nebraska/10/2012
 A/Natal/119715/2012

 A/Formosa/V2361/2012
 A/Misiones/7214/2012

 A/Tucuman/I1972/2012
 A/Tucuman/I1956/2012

 A/Tucuman/A480/2012
 A/Tucuman/A382/2012

 A/Argentina/1033/2012
 A/Tucuman/58254/2012

 A/Corrientes/66335/2012
 A/Milan/196/2011

 A/Paraguay/114/2012
 A/Paraguay/249/2012
 A/Paraguay/20199/2012
 A/Paraguay/191/2012

 A/Paraguay/177/2012
 A/Pavia/170/2011

 A/Milan/224/2011
 A/Brisbane/15/2011

 A/Sydney/56/2011
 A/Brazil/7372/2012

 A/Brazil/2320/2012
 A/Brazil/9527/2012

 A/Brazil/5672/2012
 A/Florida/38/2012

 A/Malmoe/7/2010
 A/Stockholm/2/2011

 A/Stockholm/4/2011
 A/California/19/2011

 A/Malmoe/14/2011
 A/Florida/12/2011

 A/Minnesota/06/2012
 A/Santiago/17529/2011

 A/Santiago/18553/2011
 A/Santiago/15706/2011
 A/Santiago/14689/2011

 A/Paraguay/105/2011
 A/Florida/27/2011

 A/New Hampshire/03/2012
 A/Vermont/16/2011

 A/Brazil/229/2012
 A/Delaware/03/2012

 A/Stockholm/36/2011
 A/Concepcion/16695/2011

 A/Guyane/118/2012
 A/Santiago/15129/2011

 A/Latvia/2-32074/2011
 A/Okinawa/40/2011

 A/Mendoza/2685/2011
 A/Paraguay/191/2011

 A/Santiago/14453/2011
 A/Neuquen/50677674/2011

 A/Mendoza/2672/2011
 A/Argentina/63/2011

 A/Bolivia/802/2011
 A/Iquique/44427/2012

 A/Argentina/48/2012
 A/Argentina/42/2012
 A/Salta/1341/2012

 A/Bolivia/1288/2012
 A/Kaunas/146S/2011

 A/Latvia/2-30070/2011
 A/North Dakota/05/2011

 A/Boras/1/2012
 A/Iquique/50771/2012

 A/Bolivia/2273/2012
 A/Bolivia/3126/2012

 A/Latvia/1-2402/2011
 A/Czech Republic/27/2011

 A/Czech Republic/4/2011
 A/Pavia/25/2011
 A/Pavia/26/2011

 A/Pavia/82/2011
 A/Connecticut/07/2010

 A/Berlin/12/2010
 A/Slovenia/167/2011

 A/Minsk/1131/2011
 A/Latvia/1-32919P/2011
 A/Northern Ireland/2/2011

 A/Georgia/3/2011
 A/New York/03/2011
 A/Wisconsin/11/2011
 A/California/07/2011

 A/H1N1Genoa/11/2011
 A/Suriname/220/2011

 A/Malta/9/2010
 A/Latvia/3-30730/2011
 A/Colorado/02/2011

 A/New Mexico/08/2011
 A/Latvia/12-42162/2010

 A/Hungary/13/2011
 A/Iceland/7/2011
 A/Peru/234/2012
 A/Athens/351/2011

 A/Louisiana/03/2011
 A/Denmark/27/2011

 A/Nairobi/20/2010
 A/Nairobi/21/2010

 A/Kentucky/09/2010
 A/Milan/198/2011

 A/Ohio/04/2011
 A/Oregon/04/2010

 A/Denmark/24/2011
 A/Denmark/26/2011

 A/Indonesia/Nihrdmtr003/2011
 A/Singapore/11/2012

 A/Hong Kong/6293/2012
 A/Hong Kong/6747/2012
 A/Hong Kong/5659/2012
 A/Sainshand/1940/2012

 A/Georgia/484/2012
 A/Georgia/598/2012

 A/Rhode Island/02/2012
 A/Xinjiang-Midong/Swl1132/2012
 A/Xinjiang-Maigaiti/Swl31/2012

 A/Xinjiang-Tianshan/Swl1296/2012
 A/Gansu-Anding/Swl1172/2012

 A/Gansu-Anding/Swl1158/2012
 A/Gansu-Baiyin/Swl1189/2012

 A/Gansu-Qinzhou/Swl199/2012
 A/Xinjiang-Hetian/Swl515/2012

 A/Brisbane/409/2011
 A/Victoria/730/2011

 A/Singapore/60/2011
 A/Perth/33/2012

 A/Indonesia/Nihrdi-Dps805/2012
 A/Bangladesh/3341/2012

 A/Maryland/21/2012
 A/Hong Kong/9232/2012

 A/Vietnam/Cd13-114/2013
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 A/New York/97/2009
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 A/Guangdong/0752/2009
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 A/North Carolina/38/2009
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 A/New York/12/2009
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 A/Brisbane/1/2010
 A/Goroka/9/2010
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 A/Goroka/17/2010
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 A/Vietnam/21/2010

 A/Mie/41/2009
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 A/New York/4620/2009

 A/Canada-Ab/Rv2735/2009
 A/Canada-Ab/Rv2828/2009

 A/Canada-Ab/Rv2820/2009
 A/Canada-Ab/Rv2825/2009
 A/Arkansas/08/2009
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 A/Kazakhstan/2081/2011
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 A/Stockholm/13/2010
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 A/Kenya/0037/2009
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 A/New York/5074/2009
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 A/Iowa/01/2011
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 A/India/007/2010
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 A/Philippines/5232/2010
 A/Ontario/0843176/2010

 A/Qatar/2310006834/2010
 A/Ethiopia/217/2010

 A/Nebraska/13/2011
 A/Moldova/448/2011

 A/Toulon/1173/2011
 A/Netherlands/219/2011

 A/Minsk/1172/2013
 A/Guangdong/001/2011

 A/Qatar/2310012692/2010
 A/New Hampshire/03/2010

 A/Yokohama/84/2010
 A/Yokohama/85/2010

 A/Burdur/Tr-42/2011
 A/Pavia/187/2011
 A/Pavia/193/2011

 A/Milan/121/2011
 A/Pavia/91/2011
 A/Pavia/124/2011

 A/Iceland/59/2011
 A/Stockholm/20/2011
 A/Umea/1/2011

 A/Paris/1710/2010
 A/Goteborg/1/2011
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 A/Toyama/122/2011

 A/Yamagata/203/2011
 A/Toyama/16/2011

 A/Aichi/172/2011
 A/Hiroshima-C/28/2011
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 A/Fuzhou/01/2009

 A/New York/3617/2009
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 A/Bermuda/4287/2009
 A/Brandenburg/38/2009
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 A/Dijon/4517/2009
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 A/Kobe/92359/2009
 A/Malaysia/5192/2009

 A/Shenzhen/44/2009
 A/Chile/1579/2009

 A/Michigan/25/2009
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 A/Guangdong/Swl27/2009
 A/Wakayama/57/2009
 A/Singapore/Gp999/2010

 A/Ethiopia/10/2009
 A/La Paz/Wr0096T/2009

 A/New York/6868/2009
 A/Lisboa/86/2009
 A/Wisconsin/629-D00690/2009
 A/Wisconsin/629-S1433/2009

 A/Finland/3/2010
 A/Gothenburg/1/2009

 A/Singapore/On134/2009
 A/Newark/Ins429/2010

 A/New York/1999/2010
 A/New York/6018/2009

 A/Tajikstan/1Asv/2009
 A/Delaware/14/2009

 A/Qingdao/1008/2009
 A/Bolivia/2120/2009

 A/North Carolina/06/2010
 A/California/Vrdl6/2009

 A/Paris/1157/2010
 A/Paris/1156/2010

 A/Paris/1158/2010
 A/Paris/1159/2010

 A/Texas/Jms415/2009
 A/Canada-Ab/Rv2814/2009

 A/New York/4567/2009
 A/Hawaii/28/2009

 A/Kansas/24/2009
 A/Mexico City/Wr1747N/2009

 A/Guangdong-Duanzhou/Swl1178/2010
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 A/Singapore/On1168/2009
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 A/Colombia/330/2009
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 A/Wisconsin/629-D00739/2009

 A/Mexico City/Wr1706T/2009
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 A/Taipei/Wr0193T/2009
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 A/Wisconsin/629-D00036/2009

 A/Wisconsin/629-D00533/2009
 A/Mexico City/011/2009
 A/Managua/5665.01/2009

 A/Singapore/On141/2009
 A/Singapore/On145/2009

 A/Kenya/0023/2009
 A/Texas/Jms408/2009

 A/Guangdong-Haizhu/Swl1644/2009
 A/Guangdong/286/2010
 A/Guangdong/312/2010

 A/Vienna/Ins293/2009
 A/Lisboa/4/2010

 A/South Carolina/41/2009
 A/Uganda/0543/2009

 A/Uganda/614/2009
 A/Uganda/0555/2009

 A/Kapenguria/1/2009
 A/Kikuyu/185/2009

 A/Yokohama/1363/2009
 A/Roma/Iss1941/2009

 A/Mombasa/179/2009
 A/Berlin/78/2009

 A/Brisbane/2013/2009
 A/Guam/Nhrc0023/2009

 A/Niedersachsen/216/2009
 A/Finland/608/2009
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 A/Nordrhein-Westfalen/137/2009
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 A/Stockholm/76/2009

 A/Mombasa/27/2009
 A/Kenya/0027/2009
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 A/Rome/662/2009
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 A/Niedersachsen/134/2009
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 A/Stockholm/81/2009
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 A/Moscow/01/2009
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 A/Fukushima/452/2009
 A/Mexico City/Wr1704T/2009

 A/New York/5276/2009
 A/Singapore/On1177/2009

 A/Canada-Nb/Rv2431/2009
 A/Unmugobi/9586/2009
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 A/Zhejiang/96/2009
 A/Nairobi/58/2009
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 A/Qingdao/1364/2009
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 A/Qingdao/1424/2009
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 A/Xizang/Swl1/2009
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 A/Hubei-Wujiagang/Swl12/2010
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 A/Jiangsu-Xiaguan/Swl1406/2009
 A/Guangdong/2989/2010
 A/Guangdong/321/2010

 A/Guangdong/410/2010
 A/Guangdong/465/2010

 A/Guangdong/2315/2010
 A/Tianjin-Hexi/Swl11/2010

 A/Jiangsu-Quanshan/Swl1308/2010
 A/Shanghai-Luwan/Swl134/2010

 A/Jiangsu-Beitang/Swl123/2010
 A/Hubei-Hongshan/Swl1284/2009
 A/Shanghai-Luwan/Swl125/2010

 A/Jiangsu-Xiaguan/Swl1439/2009
 A/Zhejiang/7/2009

 A/Tianjin-Nankai/Swl1692/2010
 A/Guangdong/033/2011

 A/Guangdong/052/2011
 A/Hangzhou/A44/2011
 A/Guangdong/006/2011

 A/Hangzhou/B47/2011
 A/Guangdong/032/2011

 A/Hangzhou/B40/2011
 A/Macau/600129/2011

 A/Guangdong/067/2011
 A/New Mexico/07/2011

 A/New Mexico/05/2011
 A/Hangzhou/A76/2011
 A/Tianjinjinnan/Swl41/2011

 A/Hangzhou/A50/2011
 A/Tianjinhedong/Swl44/2011

 A/Chongqing-Wanzhou/Swl53/2011
 A/Guangdong/296/2010

 A/Chiba/12/2010
 A/Hong Kong/2200/2010

 A/California/21/2010
 A/Hong Kong/2212/2010

 A/Oregon/02/2010
 A/Guangdong/371/2010

 A/Guangdong/378/2010
 A/Guangdong/379/2010

 A/Guangdong/353/2010
 A/Guangdong/9458/2010

 A/Guangdong-Liwan/Swl1170/2010
 A/Guangzhou/Gird74/2010
 A/Hong Kong/1886/2010

 A/Guangdong-Duanzhou/Swl1198/2010
 A/Guangdong/5303/2010

 A/Okinawa/51/2010
 A/Okinawa/74/2010

 A/Fujian-Gulou/Swl1223/2010
 A/Guangdong-Jiangcheng/Swl181/2010

 A/Xinjiang-Tianshan/Swl1119/2010
 A/Beijing-Huairou/Swl1258/2010

 A/Tianjin-Hebei/Swl157/2010
 A/Hebei-Yuhua/Swl16/2010

 A/Hong Kong/34360/2009
 A/Shanghai-Pudongxin/Swl1233/2010

 A/Shanghai/P1/2009
 A/Sichuan-Dongqu/Swl1818/2009

 A/Guangxi-Qinnan/Swl1108/2010
 A/Shanghai-Pudongxin/Swl181/2010

 A/Guangxi-Jiangzhou/Swl151/2010
 A/Guangxi-Jiangzhou/Swl176/2010

 A/Tanzania/412/2011
 A/Guangdong/202/2010

 A/Heilongjiang-Jianhua/Swl18/2010
 A/Jiangsu/S62/2009

 A/Nanjing/2/2010
 A/Nanjing/1/2010

 A/Beijing-Xicheng/Swl11335/2009
 A/Jiangsu-Nanchang/Swl138/2010

 A/Hunan-Yueyanglou/Swl154/2010
 A/Beijing-Xicheng/Swl11334/2009

 A/Sapporo/31/2010
 A/Shanghai-Pudongxin/Swl1335/2010

 A/Tomsk/06/2009
 A/Henan-Hualong/Swl1347/2009

 A/Hualong/Swl1313/2009
 A/Henan-Hualong/Swl511/2009

 A/Hubei-Songzi/Swl160/2010
 A/Qingfeng/Swl43/2009

 A/Jiangxi-Donghu/Swl54/2010
 A/Henan-Qingfeng/Swl43/2009

 A/Hualong/Swl1324/2009
 A/Shanghai-Luwan/Swl157/2010
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 A/Xian/009/2009
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 A/Hubei-Songzi/Swl1166/2010
 A/Ningxia-Litong/Swl19/2010
 A/Hubei-Songzi/Swl161/2010

 A/Hunan-Furong/Swl13/2010
 A/Changchun/01/2009

 A/Guangdong/2281/2009
 A/Guangdong/2282/2009

 A/Liaoning-Shuncheng/Swl1148/2009
 A/Qingdao/1004/2009

 A/Sichuan-Dongxing/Swl1517/2009
 A/Yunnan-Qiaojia/Swl31/2010

 A/Chita/Crie-8/2009
 A/Hubei-Wuchang/Swl171/2010

 A/Hubei-Wuchang/Swl174/2010
 A/Hunan-Yuhu/Swl163/2010

 A/Jiangxi-Donghu/Swl131/2010
 A/Hunan-Yueyanglou/Swl127/2010

 A/Hunan-Yueyanglou/Swl133/2010
 A/Hubei-Qiaokou/Swl14/2010

 A/Heilongjiang-Xiangfang/196/2011
 A/Heilongjiang-Xiangyang/Swl196/2011

 A/Sichuan-Jiangyang/Swl1165/2009
 A/Tianjin-Nankai/Swl1669/2010
 A/Sichuan-Wuhou/Swl4391/2009

 A/Zhejiang/94/2009
 A/Zhongyuan/Swl1643/2009

 A/Shanghai-Pudongxin/Swl1147/2010
 A/Tianjin-Ninghe/Swl43/2010

 A/Beijing-Huairou/Swl1799/2009
 A/Shanghai-Luwan/Swl126/2010

 A/Xuchang/Swl49/2009
 A/Anhui-Luyang/Swl1103/2010

 A/Ningxia-Xingqing/Swl176/2010
 A/Jiangsu-Nanchang/Swl190/2010

 A/Zhejiang/90/2009
 A/Liaoning-Heping/Swl1483/2009
 A/Fujian-Gulou/Swl51/2010
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 A/Christchurch/2/2009
 A/Washington/28/2009

 A/Washington/29/2009
 A/Guangdong/01/2009

 A/Alaska/36/2009
 A/Iraq/4066/2009

 A/Argentina/7768/2009
 A/Kisumu/56/2009

 A/Kisumu/61/2009
 A/Algeria/G594/2009

 A/Alaska/30/2009
 A/Oregon/11/2009

 A/Washington/10/2009
 A/Canada-Ns/Rv1552/2009

 A/Palau/1/2009
 A/Washington/14/2009

 A/Alaska/33/2009
 A/Slovenia/2325/2009

 A/Netherlands/602/2009
 A/Zhejiang/Dtid-Zju03/2009

 A/District Of Columbia/02/2009
 A/District Of Columbia/03/2009

 A/Managua/462.01/2009
 A/Managua/792.01/2009
 A/Managua/171.01/2009
 A/Managua/0536N/2009

 A/Managua/109.01/2009
 A/Managua/1127.02/2009

 A/Texas/05/2009
 A/Tahiti/2016/2009
 A/Fiji/2003/2009

 A/California/Vrdl40/2009
 A/Missouri/04/2009

 A/Bayern/62/2009
 A/Texas/35/2009

 A/Marrakech/47/2009
 A/New York/3099/2009

 A/Mexico City/Cia1/2009
 A/Houston/22H/2009

 A/Indiana/09/2009
 A/Paris/2573/2009

 A/Perth/29/2009
 A/Shanghai/Swl119/2009
 A/Tennessee/06/2009

 A/Toronto/C2781/2009
 A/Alabama/02/2009

 A/Georgia/03/2009
 A/Wisconsin/629-D02312/2009

 A/Texas/28/2009
 A/Texas/34/2009

 A/England/401/2009
 A/Kuwait/4536/2009
 A/Managua/65.02/2009
 A/Florida/04/2009

 A/Canada-On/Rv1590/2009
 A/Toronto/3141/2009

 A/England/247/2009
 A/Singapore/On137/2009

 A/Canada-Nb/Rv2457/2009
 A/Brandenburg/19/2009

 A/Denmark/513/2009
 A/Catalonia/43/2009

 A/Wisconsin/629-D02473/2009
 A/Canada-Nb/Rv2475/2009

 A/California/11/2009
 A/Brawley/40082/2009

 A/California/13/2009
 A/England/350/2009

 A/Idaho/02/2009
 A/Sachsen-Anhalt/101/2009
 A/Sachsen-Anhalt/97/2009
 A/Louisiana/01/2009

 A/Louisiana/02/2009
 A/Canada-Ab/Rv2811/2009

 A/Canada-Bc/Rv2944/2009
 A/Singapore/On1194/2009

 A/Mexico City/009/2009
 A/Arizona/01/2009
 A/Mexico/4627/2009
 A/San Antonio/Pr921/2009

 A/Texas/09/2009
 A/Texas/22/2009

 A/North Carolina/05/2009
 A/Managua/4951.02/2009

 A/England/257/2009
 A/India/Nag132467/2013

 A/India/P1112874/2011
 A/Tennessee/07/2009

 A/Texas/29/2009
 A/Michigan/05/2009

 A/Texas/30/2009
 A/Canada-Bc/Rv2931/2009
 A/Costa Rica/6321/2009

 A/Canada-Sk/Rv1683/2009
 A/Canada-Sk/Rv1793/2009

 A/Illinois/03/2009
 A/Houston/1H/2009

 A/Hong Kong/415742M/2009
 A/Louisiana/07/2009

 A/Managua/3435.01/2009
 A/England/431/2009
 A/Florida/09/2009

 A/England/216/2009
 A/California/Vrdl29/2009
 A/Managua/473.02/2009

 A/Mexico City/017/2009
 A/California/04/2009

 A/Fukuoka-C/1/2009
 A/Gunma/52/2009

 A/England/201/2009
 A/California/07/2009

0.001
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Supplementary Figure 6: Phylogenetic tree of pH1N1 NAs. The tree was constructed with 

n=7958 pH1N1 NA gene sequences available from the GISAID Epiflu database 

(www.gisaid.org). Since the phylogenetic tree includes analysis of a large number of NA 

sequences, color annotation was used to point out the relatively few viruses carrying amino acid 

changes in NA that may contribute to CD6 binding; a magnification 3200-fold allows the 

annotation and name of each strain to be read. Amino acid changes within the CD6 epitope are 

annotated on the phylogenetic tree as follows: NA sequences that have changes at residue 95 are 

shown as green diamonds; changes at residue 449 are shown as blue triangles; changes at residue 

451 which do not have D451G in the sequence are shown as open red circles; changes of D451G 

alone are shown as closed red circles; and changes that include D451G and N386S are shown as 

closed red squares.  

http://www.gisaid.org/
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Supplementary Figure 7: Inhibition of the NA activity of A/Bethesda/NIH107-D31/2009 

virus by antibody CD6. The pH1N1 virus has a H275Y mutation in the NA, and therefore is 

resistant to NA inhibitors oseltamivir and peramivir. The inhibition was measured with ELLA, in 

which fetuin (MW: 49 kDa) was used as substrate. Serial dilutions of antibody CD6 were added 

to wells prior to the addition of virus.  Data are shown as mean ± s.d. of three independent 

experiments.  
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Supplementary Table 1 Contacts between buried surface residues of CD6 and CA/09 NA  

aAsp451 forms an H-bond with Thr215 of the neighboring NA monomer.  

NA monomer A NA monomer B Type of contact Light chain Heavy chain 

Pro93  Hydrophobic 
Hydrophobic  Thr31 

Ser55 

Val94  
Hydrophobic 

Water 
Hydrophobic 

 
Thr28 
Asn30 
Thr31 

Ser95  Hydrophobic  Thr28,Thr31,Tyr32 
 Ile216 Hydrophobic  Tyr106 
 Lys217 Water  Tyr104 
 Trp219 Hydrogen bond Ser55  

 Arg220 Hydrogen bond 
Hydrophobic 

Val57 
Phe59  

 Asn221 Hydrogen bond Ser55  
 Gln250 Hydrophobic Phe59  
 Ala251 Hydrophobic Phe59  
 Ser252 Hydrophobic Phe59  

 Lys254 Water 
Hydrophobic 

Tyr48 
Asn52 Tyr104 

 Lys262 Hydrophobic  Tyr105 
 Ile263 Hydrophobic  Tyr105/Tyr106 
 Val264 Hydrophobic  Tyr105/Tyr106 
 Lys265 Hydrophobic  Tyr106 

 Ser266 
Hydrophobic 

Water 
Hydrogen 

 
Ala49 
Asn52 

Tyr106 

 Val267 Hydrophobic Ser51  

 Glu268 
Hydrogen 

Hydrophobic 
Hydrogen 

Ser51 
Asn52 
Leu53 

 

 Asn270 Hydrophobic Ser62  
Asn355  Hydrophobic  Ser77 
Trp358  Hydrophobic  Thr28 

Trp375  

Water 
Water 

Hydrophobic 
Hydrophobic 
Hydrophobic 

 

Phe29 
Ser79 
Phe27 
Thr28 
Asn30 

Pro377  Hydrophobic 
Hydrophobic  Ser77 

Asp76 
Asn378  Hydrophobic  Ser77 

Ser388  

Hydrogen 
Hydrogen 

Hydrophobic 
Hydrophobic 
Hydrophobic 

 

Gly26 
Ser79 
Ser25 
Gly26 
Phe27 

Ile389  
Hydrophobic 
Hydrophobic 
Hydrophobic 

 
Gly26 
Phe27 
Thr28 

Asn449  
H bond 

Hydrophobic 
Hydrophobic 

 
Thr31 
Thr31 
Ile103 

Ser450  Hydrophobic  Ile103 

Asp451a  
H bond 
Water 

Hydrophobic 
 

Tyr104 
Arg100 
Tyr104 
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Supplementary Table 2 Comparison of the 30 residues in the CD6 epitope to those in the 

NA of BR/07 and VN/04 viruses  

 

Supplementary Table 2-continued 

aResidues identical to those in CA/09 NA are shown as dots. 

 

 

  

  

Virus 
Position/residue 

93 94 95 216 217 219 220 221 250 251 252 254 262 263 264 

CA/09 P  V  S I K W R  N  Q  A S K K I  V  

BR/07 S I .a . . . K K A . . . . V T 

VN/04 . I N . . . . . . . . . . V . 

Virus 
Position/residue 

265 266 267 268 270 355 358 375 377 378 388 389 449 450 451 

CA/09 K S V  E N N W W P N S I  N S D 

BR/07 . . I . . . . . . . . V . . . 

VN/04 . . . . D . . . . . . V . . . 
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Supplementary Table 3 Variation of CD6 epitope residues in pH1N1 viruses 

aData were generated with 7958 pH1N1 NA sequences available from GISAID (www.gisaid.org). 

bResidues in bold represent those identified to be critical for the binding of NA by mAb CD6. 

 

 

 

Residue 
Mutation rate by year % (number of pH1N1 isolates with mutation)a 

Total 
2009 2010 2011 2012 2013 

Pro93 0.05 (2) 0.5 (6) 0.84 (9) 0.16 (1) 1.22 (10) 0.35 (28)  
Val94 0.02 (1) 0.08 (1) 0.09 (1) 0.33 (2) 0.24 (2) 0.09 (7)  
Ser95b 2.13 (91) 0.67 (8) 0.28 (3) 0.66 (4) 0.37 (3) 1.37 (109) 
Ile216 0.16 (7)   0.33 (2) 0.24 (2) 0.14 (11) 
Lys217 0.07 (3) 0.17 (2)  0.82 (5) 0.12 (1) 0.14 (11) 
Trp219   0.09 (1)   0.01 (1) 
Arg220 0.23 (10) 0.67 (8) 1.49 (16) 1.48 (9) 8.19 (67) 1.39 (111) 
Asn221 0.07 (3) 0.25 (3)  0.66 (4) 0.24 (2) 0.15 (12) 
Gln250  0.08 (1)    0.01 (1) 
Ala251 0.02 (1)     0.01 (1) 
Ser252       
Lys254  0.08 (1)    0.01 (1) 
Lys262 0.09 (4) 0.08 (1) 0.28 (3)  0.12 (1) 0.11 (9) 
Ile263 0.28 (12) 0.76 (9) 0.19 (2) 0.33 (2) 0.12 (1) 0.33 (26) 
Val264 0.23 (10) 2.27 (27) 2.52 (27) 0.99 (6) 1.34 (11) 1.03 (82) 
Lys265 0.02 (1) 0.08 (1) 0.09 (1)  0.24 (2) 0.06 (5) 
Ser266     0.12 (1) 0.01 (1) 
Val267 0.07 (3) 0.08 (1) 0.28 (3) 0.66 (4)  0.14 (11) 
Glu268 0.02 (1) 0.08 (1)    0.03 (2) 
Asn270 0.16 (7) 0.25 (3) 0.37 (4) 0.33 (2) 0.49 (4) 0.25 (20) 
Asn355 0.07 (3)  0.28 (3) 0.16 (1) 0.12 (1) 0.10 (8) 
Trp358  0.08 (1)   0.12 (1) 0.03 (2) 
Trp375       
Pro377  0.08 (1) 0.09 (1)  0.12 (1) 0.04 (3) 
Asn378   0.37 (4)  0.12 (1) 0.06 (5) 
Ser388 0.26 (11) 0.34 (4) 0.09 (1)   0.20 (16) 
Ile389 0.23 (10) 1.17 (14) 4.19 (45) 3.79 (23) 3.18 (26) 1.48 (118) 
Asn449 0.14 (6) 0.25 (3) 0.19 (2) 1.15 (7) 2.44 (20) 0.48 (38) 
Ser450 0.07 (3) 0.25 (3) 0.28 (3) 0.16 (1) 2.44 (20) 0.15 (12) 
Asp451 0.26 (11) 1.34 (16) 2.61 (28) 18.78 (114) 3.18 (26) 2.46 (196) 
Total 4268 1192 1073 607 818 7958 

http://www.gisaid.org/
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Supplementary Table 4 Primers used for sequencing and mutagenesis of NA gene 

 
aBlue color highlights the nucleotide changes introduced to make the targeted amino acid mutations. 
  

Primers for NA 
gene cloning and 

sequencing 
Sequencea 

Ba-NA-1 TATTCGTCTCAGGGAGCAAAAGCAGGAGT 
345R CATGATATGAAAGGTTCTCTTATGACA 
830R GCCAGTGTCTGGGTAACAGGAGCATTCCT 

Ba-NA-1413R ATATGGTCTCGTATTAGTAGAAACAAGGAGTTTTTT 
830F AGGAATGCTCCTGTTACCCAGACACTGGC 

Primers for site-
directed 

mutagenesis 
 

P93S GGCAATTCCTCTCTCTGCTCTGTTAGTGGATGGGCTATATAC 
S95A TCCTCTCTCTGCCCTGTTGCTGGATGGGCTATATACAG 
S95N TCCTCTCTCTGCCCTGTTAATGGATGGGCTATATACAG 

R220K GACACTATCAAGAGTTGGAAGAACAATATATTGAGACAC 
N221K CTATCAAGAGTTGGAGAAAGAATATATTGAGAACACAAGAG 
Q250A ACCGATGGACCAAGTAATGGAGCGGCCTCATACAAGATCTTC 
I263V CAGAATAGAAAAGGGAAAGGTAGTCAAATCAGTCGAAAG 
I263K CAGAATAGAAAAGGGAAAGAAAGTCAAATCAGTCGAAATG 
V264T GAATAGAAAAGGGAAAGATAACCAAATCAGTCGAAATGAATGCCCC 
V267I ATTAGGGGCATTCATTTCTATTGATTTGACTATCTTTCCC 
N270D GTCAAATCAGTCGAAATGGATGCCCCTAATTATCACTATGAG 
W375A AACGGTTTTGAGATGATTGCGGATCCGAACGGATGGACTGGG 
W375G C GGTTTTGAGATGATTGGGGATCCGAACGGATGGACTGGG 
P377A GAGATATTTGGGATGCGAACGGATGGACTGGGACAGAC 
N378A GAGATGATTTGGGATCCGGCCGGATGGACTGGGACAGAC 
S388A GGGACAGACAATAACTTCGCAATAAAGCAAGATATCGTAGG 
I389V GGGACAGACAATAACTTCTCAGTAAAGCAAGATATCGTAGG 
N449D ATATCCTTTTGTGGTGTAGACAGTGACACTGTGGGTTGGTC 
N449E GCATATCCTTTTGTGGTGTAGAGAGTGACACTGTGGGTTGG 
N449Q GCATATCCTTTTGTGGTGTACAGAGTGACACTGTGGGTTGG 
N449K GCATATCCTTTTGTGGTGTAAAAAGTGACACTGTGGGTTGGTC 
D451G TTTTGTGGTGTAGACAGTGGCACTGTGGGTTGGTCTTGGCC 

N449D/D451G TTTTGTGGTGTAGACAGTGGCACTGTGGGTTGGTCTTGGCC 
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Supplementary Figure 1: Clinical and virologic evidence of CD6 efficacy in prophylactic and therapeutic studies. (a) Weight loss of mice (n=10) in prophylactic studies. Female DBA/2 mice were injected i.p. with mAb CD6 12 h before challenge with 10 LD50 of CA/09-X179A. The survival curves are shown in Figure 2a of the main text. (b) Lung virus titers of mice (n=5) in prophylactic studies. Mice were treated with CD6 and infected as described in (a) and then euthanized on day 3 p.c. The lungs were collected and homogenized for virus titration in MDCK cells. The dotted line denotes the detection limit (2.2 Log10TCID50 ml-1). A titer of 1.7 Log10TCID50 ml-1 was arbitrarily set to represent titers below the detection limit. (c) Weight loss of mice (n=10) in single dose therapeutic studies. Female DBA/2 mice were infected intranasally with 10 LD50 of CA/09-X179A and 5 mg kg–1 of mAb CD6 was administered i.p. 1, 2, 3 or 4 days later. (d) Weight loss of mice (n=10) treated therapeutically with single or multiple doses of CD6. As described for (c), DBA/2 mice were infected with CA/09-X179A and treated with either 2.5 or 1 mg kg–1  CD6 24 h later (d1) only or once daily (24 h intervals) for 4 days (d1-4). The survival curves for these experiments are shown in Figures 2b and 2c of the main text.
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Supplementary Figure 2: Detailed analysis of the CD6 antibody interface with the NA.  (a) The interface of H chain and CA/09 NA dimer. Waters that mediate interactions at the interface are highlighted as red crosses. (b) The interface of LCDR2 and the CA/09 NA monomer. Residues key to the antibody association are highlighted in sticks and hydrogen bonds are shown as dashed lines. Interactions were analyzed using MONSTER1, PISA2 and HBPLUS3.449






[image: C:\Users\WanH\Desktop\change accepted\Supplementary Figure 3.tif]













Supplementary Figure 3:  The NAs of escape mutants selected by mAb CD6 are less efficient than wt CA/09 NA.  Enzyme activity was measured with fetuin (MW: 49 kD) as substrate in ELLA, as described in Methods. Briefly, two representative escape mutants (mutants A and B, see the legend to Figure 5) and virus containing wt CA/09 NA, were normalized by hemagglutination assay to have the same titer (1024), then serially diluted and added to 96-well plates coated with fetuin, followed by incubation overnight at 37 °C; the plates were washed and then incubated with peanut agglutinin conjugated to horse radish peroxidase to detect the exposed galactose due to the removal of sialic acid from fetuin by NA; the signal was developed using o-phenylenediamine dihydrochloride (OPD) as substrate. The OD values generated with mutants were expressed relative to those obtained at the same dilution as wt CA/09 NA. Data are shown as mean ± s.d. of three independent experiments. 
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Supplementary Figure 4: Stereo view of the CD6 antibody interface (pink) with Asp451 of the CA/09 NA dimer (cyan and green). The 2Fo−Fc electron density map contoured at 1.0 σ is shown in blue.
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Supplementary Figure 5: CD6 Fab and Fab2 retain ability to bind NA.  (a) SDS-PAGE of CD6 Fab (lane 2), Fab2 (lane 3) and whole IgG (lane 4). Lane 1: Novex sharp pre-stained protein standard (Invitrogen, Carlsbad, CA, USA; catalog number: LC5800). Lanes 2-4: CD6 Fab, CD6 Fab2 and whole IgG. (b) Binding of CD6 Fab, Fab2 and the whole IgG to CA/09 NA measured in ELISA. HRP conjugated goat-anti-mouse IgG (Fab specific) (Sigma-Aldrich, St. Louis, MO, USA; catalog number: A2304) was used to detect the bound antibody. Each bar represents mean + s.d. of two independent assays performed in duplicate. 


Supplementary Figure 6: Phylogenetic tree of pH1N1 NAs. The tree was constructed with n=7958 pH1N1 NA gene sequences available from the GISAID Epiflu database (www.gisaid.org). Since the phylogenetic tree includes analysis of a large number of NA sequences, color annotation was used to point out the relatively few viruses carrying amino acid changes in NA that may contribute to CD6 binding; a magnification 3200-fold allows the annotation and name of each strain to be read. Amino acid changes within the CD6 epitope are annotated on the phylogenetic tree as follows: NA sequences that have changes at residue 95 are shown as green diamonds; changes at residue 449 are shown as blue triangles; changes at residue 451 which do not have D451G in the sequence are shown as open red circles; changes of D451G alone are shown as closed red circles; and changes that include D451G and N386S are shown as closed red squares.
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[bookmark: _GoBack]Supplementary Figure 7: Inhibition of the NA activity of A/Bethesda/NIH107-D31/2009 virus by antibody CD6. The pH1N1 virus has a H275Y mutation in the NA, and therefore is resistant to NA inhibitors oseltamivir and peramivir. The inhibition was measured with ELLA, in which fetuin (MW: 49 kDa) was used as substrate. Serial dilutions of antibody CD6 were added to wells prior to the addition of virus.  Data are shown as mean ± s.d. of three independent experiments. 









Supplementary Table 1 Contacts between buried surface residues of CD6 and CA/09 NA 

		NA monomer A

		NA monomer B

		Type of contact

		Light chain

		Heavy chain



		Pro93

		

		Hydrophobic

Hydrophobic

		

		Thr31

Ser55



		Val94

		

		Hydrophobic

Water

Hydrophobic

		

		Thr28

Asn30

Thr31



		Ser95

		

		Hydrophobic

		

		Thr28,Thr31,Tyr32



		

		Ile216

		Hydrophobic

		

		Tyr106



		

		Lys217

		Water

		

		Tyr104



		

		Trp219

		Hydrogen bond

		Ser55

		



		

		Arg220

		Hydrogen bond

Hydrophobic

		Val57

Phe59

		



		

		Asn221

		Hydrogen bond

		Ser55

		



		

		Gln250

		Hydrophobic

		Phe59

		



		

		Ala251

		Hydrophobic

		Phe59

		



		

		Ser252

		Hydrophobic

		Phe59

		



		

		Lys254

		Water

Hydrophobic

		Tyr48

Asn52

		Tyr104



		

		Lys262

		Hydrophobic

		

		Tyr105



		

		Ile263

		Hydrophobic

		

		Tyr105/Tyr106



		

		Val264

		Hydrophobic

		

		Tyr105/Tyr106



		

		Lys265

		Hydrophobic

		

		Tyr106



		

		Ser266

		Hydrophobic

Water

Hydrogen

		

Ala49

Asn52

		Tyr106



		

		Val267

		Hydrophobic

		Ser51

		



		

		Glu268

		Hydrogen

Hydrophobic

Hydrogen

		Ser51

Asn52

Leu53

		



		

		Asn270

		Hydrophobic

		Ser62

		



		Asn355

		

		Hydrophobic

		

		Ser77



		Trp358

		

		Hydrophobic

		

		Thr28



		Trp375

		

		Water

Water

Hydrophobic

Hydrophobic

Hydrophobic

		

		Phe29

Ser79

Phe27

Thr28

Asn30



		Pro377

		

		Hydrophobic

Hydrophobic

		

		Ser77

Asp76



		Asn378

		

		Hydrophobic

		

		Ser77



		Ser388

		

		Hydrogen

Hydrogen

Hydrophobic

Hydrophobic

Hydrophobic

		

		Gly26

Ser79

Ser25

Gly26

Phe27



		Ile389

		

		Hydrophobic

Hydrophobic

Hydrophobic

		

		Gly26

Phe27

Thr28



		Asn449

		

		H bond

Hydrophobic

Hydrophobic

		

		Thr31

Thr31

Ile103



		Ser450

		

		Hydrophobic

		

		Ile103



		Asp451a

		

		H bond

Water

Hydrophobic

		

		Tyr104

Arg100

Tyr104





aAsp451 forms an H-bond with Thr215 of the neighboring NA monomer.




		Virus

		Position/residue



		

		93

		94

		95

		216

		217

		219

		220

		221

		250

		251

		252

		254

		262

		263

		264



		CA/09

		P 

		V 

		S

		I

		K

		W

		R 

		N 

		Q 

		A

		S

		K

		K

		I 

		V 



		BR/07

		S

		I

		.a

		.

		.

		.

		K

		K

		A

		.

		.

		.

		.

		V

		T



		VN/04

		.

		I

		N

		.

		.

		.

		.

		.

		.

		.

		.

		.

		.

		V

		.





Supplementary Table 2 Comparison of the 30 residues in the CD6 epitope to those in the NA of BR/07 and VN/04 viruses 



Supplementary Table 2-continued

		Virus

		Position/residue



		

		265

		266

		267

		268

		270

		355

		358

		375

		377

		378

		388

		389

		449

		450

		451



		CA/09

		K

		S

		V 

		E

		N

		N

		W

		W

		P

		N

		S

		I 

		N

		S

		D



		BR/07

		.

		.

		I

		.

		.

		.

		.

		.

		.

		.

		.

		V

		.

		.

		.



		VN/04

		.

		.

		.

		.

		D

		.

		.

		.

		.

		.

		.

		V

		.

		.

		.





aResidues identical to those in CA/09 NA are shown as dots.





	




Supplementary Table 3 Variation of CD6 epitope residues in pH1N1 viruses

		Residue

		Mutation rate by year % (number of pH1N1 isolates with mutation)a

		Total



		

		2009

		2010

		2011

		2012

		2013

		



		Pro93

		0.05 (2)

		0.5 (6)

		0.84 (9)

		0.16 (1)

		1.22 (10)

		0.35 (28) 



		Val94

		0.02 (1)

		0.08 (1)

		0.09 (1)

		0.33 (2)

		0.24 (2)

		0.09 (7) 



		Ser95b

		2.13 (91)

		0.67 (8)

		0.28 (3)

		0.66 (4)

		0.37 (3)

		1.37 (109)



		Ile216

		0.16 (7)

		

		

		0.33 (2)

		0.24 (2)

		0.14 (11)



		Lys217

		0.07 (3)

		0.17 (2)

		

		0.82 (5)

		0.12 (1)

		0.14 (11)



		Trp219

		

		

		0.09 (1)

		

		

		0.01 (1)



		Arg220

		0.23 (10)

		0.67 (8)

		1.49 (16)

		1.48 (9)

		8.19 (67)

		1.39 (111)



		Asn221

		0.07 (3)

		0.25 (3)

		

		0.66 (4)

		0.24 (2)

		0.15 (12)



		Gln250

		

		0.08 (1)

		

		

		

		0.01 (1)



		Ala251

		0.02 (1)

		

		

		

		

		0.01 (1)



		Ser252

		

		

		

		

		

		



		Lys254

		

		0.08 (1)

		

		

		

		0.01 (1)



		Lys262

		0.09 (4)

		0.08 (1)

		0.28 (3)

		

		0.12 (1)

		0.11 (9)



		Ile263

		0.28 (12)

		0.76 (9)

		0.19 (2)

		0.33 (2)

		0.12 (1)

		0.33 (26)



		Val264

		0.23 (10)

		2.27 (27)

		2.52 (27)

		0.99 (6)

		1.34 (11)

		1.03 (82)



		Lys265

		0.02 (1)

		0.08 (1)

		0.09 (1)

		

		0.24 (2)

		0.06 (5)



		Ser266

		

		

		

		

		0.12 (1)

		0.01 (1)



		Val267

		0.07 (3)

		0.08 (1)

		0.28 (3)

		0.66 (4)

		

		0.14 (11)



		Glu268

		0.02 (1)

		0.08 (1)

		

		

		

		0.03 (2)



		Asn270

		0.16 (7)

		0.25 (3)

		0.37 (4)

		0.33 (2)

		0.49 (4)

		0.25 (20)



		Asn355

		0.07 (3)

		

		0.28 (3)

		0.16 (1)

		0.12 (1)

		0.10 (8)



		Trp358

		

		0.08 (1)

		

		

		0.12 (1)

		0.03 (2)



		Trp375

		

		

		

		

		

		



		Pro377

		

		0.08 (1)

		0.09 (1)

		

		0.12 (1)

		0.04 (3)



		Asn378

		

		

		0.37 (4)

		

		0.12 (1)

		0.06 (5)



		Ser388

		0.26 (11)

		0.34 (4)

		0.09 (1)

		

		

		0.20 (16)



		Ile389

		0.23 (10)

		1.17 (14)

		4.19 (45)

		3.79 (23)

		3.18 (26)

		1.48 (118)



		Asn449

		0.14 (6)

		0.25 (3)

		0.19 (2)

		1.15 (7)

		2.44 (20)

		0.48 (38)



		Ser450

		0.07 (3)

		0.25 (3)

		0.28 (3)

		0.16 (1)

		2.44 (20)

		0.15 (12)



		Asp451

		0.26 (11)

		1.34 (16)

		2.61 (28)

		18.78 (114)

		3.18 (26)

		2.46 (196)



		Total

		4268

		1192

		1073

		607

		818

		7958





aData were generated with 7958 pH1N1 NA sequences available from GISAID (www.gisaid.org).

bResidues in bold represent those identified to be critical for the binding of NA by mAb CD6.







Supplementary Table 4 Primers used for sequencing and mutagenesis of NA gene

		Primers for NA gene cloning and sequencing

		Sequencea



		Ba-NA-1

		TATTCGTCTCAGGGAGCAAAAGCAGGAGT



		345R

		CATGATATGAAAGGTTCTCTTATGACA



		830R

		GCCAGTGTCTGGGTAACAGGAGCATTCCT



		Ba-NA-1413R

		ATATGGTCTCGTATTAGTAGAAACAAGGAGTTTTTT



		830F

		AGGAATGCTCCTGTTACCCAGACACTGGC



		Primers for site-directed mutagenesis

		



		P93S

		GGCAATTCCTCTCTCTGCTCTGTTAGTGGATGGGCTATATAC



		S95A

		TCCTCTCTCTGCCCTGTTGCTGGATGGGCTATATACAG



		S95N

		TCCTCTCTCTGCCCTGTTAATGGATGGGCTATATACAG



		R220K

		GACACTATCAAGAGTTGGAAGAACAATATATTGAGACAC



		N221K

		CTATCAAGAGTTGGAGAAAGAATATATTGAGAACACAAGAG



		Q250A

		ACCGATGGACCAAGTAATGGAGCGGCCTCATACAAGATCTTC



		I263V

		CAGAATAGAAAAGGGAAAGGTAGTCAAATCAGTCGAAAG



		I263K

		CAGAATAGAAAAGGGAAAGAAAGTCAAATCAGTCGAAATG



		V264T

		GAATAGAAAAGGGAAAGATAACCAAATCAGTCGAAATGAATGCCCC



		V267I

		ATTAGGGGCATTCATTTCTATTGATTTGACTATCTTTCCC



		N270D

		GTCAAATCAGTCGAAATGGATGCCCCTAATTATCACTATGAG



		W375A

		AACGGTTTTGAGATGATTGCGGATCCGAACGGATGGACTGGG



		W375G

		C GGTTTTGAGATGATTGGGGATCCGAACGGATGGACTGGG



		P377A

		GAGATATTTGGGATGCGAACGGATGGACTGGGACAGAC



		N378A

		GAGATGATTTGGGATCCGGCCGGATGGACTGGGACAGAC



		S388A

		GGGACAGACAATAACTTCGCAATAAAGCAAGATATCGTAGG



		I389V

		GGGACAGACAATAACTTCTCAGTAAAGCAAGATATCGTAGG



		N449D

		ATATCCTTTTGTGGTGTAGACAGTGACACTGTGGGTTGGTC



		N449E

		GCATATCCTTTTGTGGTGTAGAGAGTGACACTGTGGGTTGG



		N449Q

		GCATATCCTTTTGTGGTGTACAGAGTGACACTGTGGGTTGG



		N449K

		GCATATCCTTTTGTGGTGTAAAAAGTGACACTGTGGGTTGGTC



		D451G

		TTTTGTGGTGTAGACAGTGGCACTGTGGGTTGGTCTTGGCC



		N449D/D451G

		TTTTGTGGTGTAGACAGTGGCACTGTGGGTTGGTCTTGGCC







aBlue color highlights the nucleotide changes introduced to make the targeted amino acid mutations.
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